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(57) ABSTRACT 

The present invention provides an image display capable of 
performing high-precision multi-gradation display While 
avoiding problems of a subtle noise and increase in a drive 
frequency. Display signal data of one frame is constructed 
by a plurality of sub frames of, for example, four sub frames 
1/4 to 4/4. The 1/4 frame is set as an address period of an 
analog signal, the 2/4 frame is set as an analog gradation 
display period, the 3/4 frame is set as an address period of 
a digital signal, and the 4/4 frame is set as a digital gradation 
light emission period. The image display is constructed in 
such a manner that, in the analog gradation display period, 
an OLED device in a pixel emits light of time according to 
an analog signal voltage stored in a storage capacitor in the 
pixel by an analog drive signal circuit and, in the digital 
gradation display period, a binary light emitting operation of 
light emission and non light emission is performed accord 
ing to a digital signal voltage stored in the storage capacitor 
by a digital signal driving circuit. 

21 Claims, 14 Drawing Sheets 
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IMAGE DISPLAY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention-relates to an image display capable 

of performing multi-gradation display and, more particu 
larly, to an image display suitable for high gradation display. 

2. Description of the Related Art 
Referring to FIGS. 16 to 18, tWo conventional techniques 

Will be described hereinbeloW. 
FIG. 16 is a con?guration diagram of a light emitting 

device using a ?rst conventional technique (hereinbeloW, 
called ?rst conventional technique). Pixels 205 each having 
an organic electro-luminescent (EL) element 204 as a pixel 
light emitting material are disposed in a matrix in a display 
part. The pixels 205 are connected to external drive circuits 
via gate lines 206, source lines 207, poWer source lines 208, 
and the like. In each pixel 205, the source line 207 is 
connected to the gate of a poWer TFT 203 and one end of a 

storage capacitor 202 via a logic TFT (Thin-Film-Transistor) 
201, and one end of the poWer TFT 203 and the other end 
of the storage capacitor 202 are commonly connected to the 
poWer source line 208. 

The other end of the poWer TFT 203 is connected to a 
common poWer source terminal via the organic EL element 
204. One end of the gate line 206 is connected to a frame 
scanning circuit 210, and one end of the source line 207 is 
connected to an analog signal voltage input circuit 209. The 
logic TFT 201 and the poWer TFT 203 are formed by using 
polysilicon TFTs on an SiO2 substrate. 

The operation of the ?rst conventional technique With 
such a con?guration Will noW be described. 
When the logic TFT 201 in a predetermined pixel roW is 

opened/ closed by the frame scanning circuit 210 via the gate 
line 206, an analog signal voltage supplied from the analog 
signal voltage input circuit 209 to the source line 207 is 
supplied to the gate of the poWer TFT 203 and the storage 
capacitor 202 and held for a period of one frame until the 
next scan Writing is performed. The poWer TFT 203 supplies 
an analog signal current according to the analog signal 
voltage to the organic EL element 204. It makes the organic 
EL element 204 emit light With brightness corresponding to 
the analog signal voltage. 

The ?rst conventional technique is disclosed in detail in, 
for example, Japanese Unexamined Patent Application No. 
8-241048. Although the term “organic electro-luminescent 
(EL) element” is used as the light emitting element in the 
above description of the conventional technique in accor 
dance With the term used in the publication in the conven 
tional technique, in recent years, the light emitting element 
is often called an OLED (Organic Light Emitting Diode) 
device. In the speci?cation as Well, the latter term Will be 
used hereinbeloW. 

Referring noW to FIGS. 17 and 18, another conventional 
technique Will be described. 

FIG. 17 is a con?guration diagram of a light emitting 
device using a second conventional technique (hereinbeloW, 
called a second conventional technique). The structure of the 
second conventional technique is basically similar to the 
structure described in the ?rst conventional technique except 
that a digital signal voltage input circuit 211 is provided in 
place of the analog signal voltage input circuit 209 and a sub 
frame scanning circuit 212 is provided in place of the frame 
scanning circuit 210. Only the difference in operations due 
to the structural differences Will be described. 
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2 
Referring to FIG. 18, the operation of the second con 

ventional technique Will be described. As shoWn in FIG. 18, 
in the conventional technique, one frame period for display 
ing information of one frame is divided into a plurality of 
sub frame periods. Further, the sub frame period is con 
structed by an address period Ts as a period of Writing a 
display signal to each pixel and each of sustain periods T1 
to Tn (to simplify explanation, n:5 in FIG. 18) for perform 
ing display With or Without light emission in accordance 
With a Written display signal. In the address periods Ts, the 
drive voltage of the OLED device is at the off level and light 
is not emitted. Although the operation of Writing a display 
signal to each pixel in each address period is basically 
similar to that of the ?rst conventional technique, the display 
signal is not an analog signal voltage but a digital signal 
voltage of tWo values of “high level” and “loW level”. 

Therefore, light emission of the OLED device in each of 
the sustain periods T1 to T5 subsequent to the address 
periods Ts is also digital light emission of “on” or “o?‘”. As 
shoWn in FIG. 18, a time Weight of the i-th poWer of 2 is 
assigned to each of the sustain periods T1 to T5 of the sub 
frames, so that a Weight is assigned to each light emission 
bit. It enables gray scale display according to each of bits of 
digital data in the second conventional technique. 
An advantage of the conventional technique is that since 

the poWer TFT 203 is used as a simple sWitch, a character 
istic variation of the poWer TFT 203 such as a threshold 
voltage is not re?ected in brightness at the time of light 
emission. In the conventional technique, consequently, an 
image can be displayed With small brightness variation and 
high picture quality. Such a conventional technique is dis 
closed in, for example, Japanese Unexamined Patent Appli 
cation No. 2001-159878. 

SUMMARY OF THE INVENTION 

By extension of the conventional technique, it is difficult 
to provide an image display realiZing multi-gradation dis 
play of six bits, eight bits, or the like required for use in a 
TV or the like in future as described hereinbeloW. 

In the ?rst conventional technique shoWn in FIG. 16, the 
organic EL element 204 as a current driven element is driven 
by the poWer TFT 203. The poWer TFT 203 functions as a 
current output element Which receives a voltage. When a 
threshold voltage Vth of the poWer TFT 203 varies, a 
variation component is added to a signal voltage supplied. 
Consequently, a ?xed brightness deviation occurs in each 
pixel. 

Generally, as compared With a single crystal Si element, 
a TFT largely varies among elements. Particularly, in the 
case Where a number of TFTs are formed like pixels, it is 
very dif?cult to suppress characteristic variations among 
elements. For example, in the case of a loW-temperature 
polycrystalline silicon TFT, it is knoWn that Vth varies on a 
volt unit basis. On the other hand, the light emission 
characteristic of the OLED device is generally sensitive to 
an input voltage. There is a case that light brightness varies 
about tWice by a difference of the input voltage of 1V. 
Consequently, such a brightness deviation cannot be alloWed 
in gray scale display. Therefore, in the ?rst conventional 
technique, it is dif?cult to realiZe multi-gradation gray-scale 
display requiring accurate brightness control. 
On the other hand, the second conventional technique 

described by referring to FIGS. 17 and 18 intends to obtain 
an accurate brightness control by digitally controlling the 
OLED device of each pixel. HoWever, to carry out such a 
digital control by using a number of bits for performing 
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multi-gradation gray-scale display, the number of sub 
frames has to be increased. For example, in the case of 8-bit 
display, in addition to eight sustain periods T1 to T8, eight 
address periods Ts corresponding to eight sub frames are 
necessary. Due to this, heavy burden is applied on a sub 
frame scanning circuit 212 and, as a result, it causes an 
increase in poWer consumption and cost. 

In a display panel of a large siZe to some extent, the 
limitations of the time constant of the gate line 206 are seen, 
so that there is a physical upper limit on the sub frame 
scanning frequency. 
As described above, by the second conventional tech 

nique, it is also dif?cult to increase the number of bits for 
multi-gradation gray-scale display from the vieWpoint of 
driving. 

In short, it is dif?cult to realiZe higher precision since the 
“analog signal” as in the ?rst conventional technique is 
sensitive to a subtle noise and, on the other hand, since the 
“digital signal” as in the second conventional technique has 
to be divided into sub ?elds, the drive frequency has to be 
increased, and it becomes dif?cult to realiZe higher preci 
sion. 

An object of the present invention is therefore to provide 
an image display in Which the number of bits for multi 
gradation display is increased. 

Particularly, an object of the present invention is to 
provide an image display realiZing high-precision multi 
gradation display by using both “analog signal” and “digital 
signal” While avoiding the problem of a subtle noise and the 
problem of higher drive frequency. 

It sounds that both existing “analog” and “digital” signals 
are simply used. However, the present invention is based on 
an idea quite different from the conventional idea of simply 
using both “analog” and “digital” signals. It Will be brie?y 
described hereinbeloW. 

The idea of using both the “digital” and “analog” signals 
in a conventional electronic circuit is just formation of a 
“digital circuit” and an “analog circuit” on a single silicon 
(Si) chip or module. 
On the other hand, as long as the inventors herein knoW, 

conventional image displays are not based on an idea of 
realiZing higher performance by inputting an “analog signal” 
to a “digital circuit” or driving an “analog circuit” by a 
“digital signal” as compared With the case Where both of a 
“digital circuit” and an “analog circuit” are mounted on a 
single board. The present invention has been achieved by 
defying common sense and an idea of a different angle, 
realiZing higher-precision and higher-gradation display 
Which is not easily achieved by a single “digital circuit” or 
“analog circuit”, by alloWing both an “analog signal” and a 
“digital signal” to coexist in a single circuit in consideration 
of a special boundary condition of a display such that a 
human visual characteristic senses a similar gray scale in 
each of digital display and analog display. 
An example of representative means of the invention is as 

folloWs. According to the invention, there is provided an 
image display including: a display part constructed by a 
plurality of pixels; a signal line for Writing display signal 
data on each of the pixels; Write pixel selecting means for 
selecting a pixel to Which the display signal data supplied to 
the signal line is Written from the plurality of pixels; and 
signal data generating means for generating the display 
signal data, Wherein the signal data generating means 
includes multivalue signal data generating means for gen 
erating display signal data having a multivalue level of three 
or more values, the display signal data constructing one 
frame is constructed by display signal data of a plurality of 
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4 
sub frames supplied to a group of pixels of the plurality of 
pixels to be displayed in the same frame period, and the 
display signal data in at least one of the sub frames in one 
frame has a multivalue level of at least three values, or a 
multivalue level of three or larger values. 

Preferably, the Write pixel selecting means is constructed 
by a polysilicon TFT. 
The display signal data in the sub frame may have a 

multivalue level of three or more values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a con?guration diagram of an OLED display 
panel as a ?rst embodiment of an image display according 
to the invention; 

FIG. 2A is a timing chart of a 1/4 frame in a sub frame in 
the ?rst half of a frame in the ?rst embodiment; 

FIG. 2B is a timing chart of a 2/4 frame in the sub frame 
in the ?rst half of the frame in the ?rst embodiment; 

FIG. 3A is a timing chart of a 3/4 frame in a sub frame in 
the latter half of the frame in the ?rst embodiment; 

FIG. 3B is a timing chart of a 4/4 frame in the sub frame 
in the latter half of the frame in the ?rst embodiment; 

FIG. 4 is a drive sequence diagram of one frame in the 
?rst embodiment; 

FIG. 5 is a con?guration diagram of an OLED display 
panel as a second embodiment of the image display accord 
ing to the invention; 

FIG. 6 is a drive sequence diagram of one frame in the 
second embodiment; 

FIG. 7 is a con?guration diagram of a liquid crystal 
display panel as a third embodiment of the image display 
according to the invention; 

FIG. 8 is a drive sequence diagram of one frame in the 
third embodiment; 

FIG. 9 is a con?guration diagram of an OLED display 
panel in a fourth embodiment of the image display according 
to the invention; 

FIG. 10 is a timing chart of a 1/4 frame in a sub frame in 
the ?rst half of a frame in the fourth embodiment; 

FIG. 11 is a timing chart of a 3/4 frame in the latter half 
of the frame in the fourth embodiment; 

FIG. 12 is a drive sequence diagram of one frame in the 
fourth embodiment; 

FIG. 13 is a con?guration diagram of an OLED display 
panel as a ?fth embodiment of the image display according 
to the invention; 

FIG. 14 is a drive sequence diagram of one frame in the 
?fth embodiment; 

FIG. 15 is a con?guration diagram of an image display 
terminal as a sixth embodiment of the image display accord 
ing to the invention; 

FIG. 16 is a con?guration diagram of a light emitting 
device as a ?rst conventional technique; 

FIG. 17 is a con?guration diagram of a light emitting 
device as a second conventional technique; and 

FIG. 18 is an operation sequence diagram of the second 
conventional technique. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of an image display according to 
the present invention Will be described in detail hereinbeloW 
With reference to the accompanying draWings. 
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First Embodiment 

With reference to FIGS. 1 to 4, a ?rst embodiment of an 
image display of the invention Will be described. First, by 
referring to FIG. 1, the general con?guration of the embodi 
ment Will be stated. 

FIG. 1 is a con?guration diagram of an OLED display 
panel of the ?rst embodiment. Pixels 6 each having an 
OLED device 4 as a pixel light emitting material are 
arranged in a matrix in a display part. Each pixel 6 is 
connected to predetermined peripheral drive circuits via a 
Writing line 9, an illuminating line 10, a signal line 7, a 
poWer source line 8, and the like. The Writing line 9 and 
illuminating line 10 are connected to a pixel selecting circuit 
11, and the signal line 7 is connected to an analog signal 
driving circuit 12 and a digital signal driving circuit 16 via 
a signal input sWitch 13 and is further connected to a delta 
Wave input line 15 via a delta Wave input sWitch 14. All of 
the pixels 6, pixel selecting circuit 11, analog signal driving 
circuit 12, and digital signal driving circuit 16 are formed on 
a glass substrate by using polysilicon TFTs. 

In each pixel 6, the signal line 7 is connected to the gate 
of a drive TFT 2 via a storage capacitor 1, a source terminal 
of the drive TFT 2 is connected to the poWer source line 8, 
and a drain terminal of the drive TFT 2 is connected to the 
OLED device 4 via an illuminating TFT 5. A reset TFT 3 is 
provided betWeen the gate and drain of the drive TFT 2, the 
gate of the illuminating TFT Sis connected to the illuminat 
ing line 10 and the gate of the reset TFT 3 is connected to 
the Writing line 9. The drive TFT 2 is constructed as a part 
of an inverter having the OLED device 4 as a load, and the 
reset TFT 3 can be regarded as a sWitch for short-circuiting 
the input/output of the inverter. 

Since the methods of fabricating the polysilicon TFT, the 
OLED device 4 and the like are similar to those generally 
reported, their description Will not be given here. Regarding 
the OLED device 4, for example, the ?rst and second 
conventional techniques can be referred to. 
As the con?guration of the pixel selecting circuit 11 in the 

embodiment, generally, the circuit con?guration Which is 
knoWn as a shift register is used, and reconstruction is 
possible Within a range of general knowledge. As the analog 
signal driving circuit 12, a general DA (digital-to-analog) 
converter in a polysilicon TFT panel is used. Alternately, a 
signal line analog driving circuit in a liquid crystal driver 
LSI or the like can be used. The digital signal driving circuit 
16 is a parallel buffer circuit for buffering l-bit input data 
and outputting the data. 

In the embodiment, one frame period is divided into four 
phases. In practice, one frame is constructed by tWo sub 
frames each consisting of tWo phases. For convenience, the 
phases are named as the 1/4 frame to the 4/4 frame, and 
operations in the phases Will be sequentially described by 
referring to FIGS. 2A and 2B and FIGS. 3A and 3B. 

FIGS. 2A and 2B are timing charts shoWing operations in 
the l/4 frame and the 2/4 frame constructing the sub frame 
in the ?rst half of one frame. In the l/4 frame period of FIG. 
2A, the Writing lines 9 and the illuminating lines 10 corre 
sponding to pixel roWs are sequentially scanned by the pixel 
selecting circuit 11. For convenience, it is assumed that, in 
the timing chart, the Wave risen state denotes an “on” state 
and, the Wave fallen state denotes an “o?‘” state. At this time, 
the signal input sWitch 13 is on and the delta Wave input 
sWitch 14 is off. As the pixel selecting circuit 11 selects pixel 
roWs A, B, C, . . . , an analog voltage signal is Written by the 
analog signal output circuit 12 into the selected pixel 6 via 
the signal line 7. Since it is designed that the analog signal 
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6 
consists of ?ve bits in this case, there are 32 signal voltage 
levels. Subscripts A, B, and C of the Writing lines 9 and 
illuminating lines 10 correspond to pixel roWs in this case 
and similarly in the folloWing. 

In the 2/4 frame period of FIG. 2B, the Writing line 9 is 
set to be alWays off and the illuminating line 10 is set to be 
alWays on by the pixel selecting circuit 11. At this time, the 
signal input sWitch 13 is off and the delta Wave input sWitch 
14 is on. Consequently, a delta Wave as shoWn in FIG. 2B 
is input from the delta Wave input line 15 to all of pixels via 
the delta Wave input sWitch 14 and the signal line 7. 
A pixel circuit operation of the embodiment in the sub 

frame Will be described in more detail With reference to FIG. 
1. A state such that When the reset TFT 3 and illuminating 
TFT 5 are turned on/olf in a state Where an analog signal 
voltage is applied to the signal line 7, a gate voltage of an 
inverter constructed by the driving TFT 2 and the OLED 
device 4 becomes a threshold value of inversion of the 
inverter When the same analog signal voltage is input to the 
signal line 7 is stored in the storage capacitor 1. This 
corresponds to Writing of the analog signal voltage in the l/4 
frame period. Subsequently, in the 2/ 4 frame period, When a 
delta Waveform including the Written analog signal voltage 
value is input to the signal line 7, the inverter of each pixel 
operates so that if the voltage on the signal line 7 is higher 
than a pre-stored analog signal voltage, a current is not 
passed to the OLED device 4 and if the voltage of the signal 
line 7 is loWer than the pre-stored analog signal voltage, a 
current is passed to the OLED device 4. By the operation, 
the light emission time of the OLED device is controlled by 
the Written analog signal voltage, and variations in the 
inversion threshold value of the inverter due to the charac 
teristic variations of the driving TFT 2 are also canceled. 
The sub frame in the latter half Will noW be described. 
FIGS. 3A and 3B are timing charts shoWing the operations 

of the 3/4 frame and the 4/4 frame constructing the sub 
frame of the latter half. The operation in the 3/ 4 frame period 
in FIG. 3Ais basically the same as that in the l/4 frame. The 
difference from the operation in the l/4 frame in this case is 
that a voltage output to the signal line 7 is not the analog 
voltage from the analog signal voltage output circuit 12 but 
is a digital voltage output from the digital signal voltage 
output circuit 16. As the pixel selecting circuit 11 sequen 
tially selects the pixel roWs A, B, C, . . . , a digital voltage 
signal of one of tWo values corresponding to “light emis 
sion” and “no light emission” is Written from the digital 
signal output circuit 16 to the selected pixel 6 via the signal 
line 7. 

In the 4/4 frame period of FIG. 3B, the Writing line 9 is 
set to be alWays off and the illuminating line 10 is set to be 
alWays on by the pixel selecting circuit 11. At this time, the 
signal input sWitch 13 is off and the delta Wave input sWitch 
14 is on. Consequently, an intermediate voltage of the digital 
signal voltage as shoWn in FIG. 3B is applied from the delta 
Wave input line 15 to all of pixels via the delta Wave input 
sWitch 14 and the signal line 7. 

In this case, an inverter circuit of each pixel (hereinbeloW, 
called a pixel inverter) operates so that When the interme 
diate voltage of the signal line 7 is higher than a pre-Written 
digital signal voltage, a current is not passed to the OLED 
device 4 and, When the intermediate voltage is loWer than 
the pre-Written digital signal voltage, a current is passed to 
the OLED device 4. By the operation, light emission of each 
OLED device 4 is determined by the stored digital signal 
voltage. Since either the on or off state of the pixel inverter 
is determined With reliability, an inversion error due to a 
parasitic effect and the like does not occur, Which may occur 
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in the 2/4 frame in Which the inversion time of the pixel 
inverter is controlled. That is, in the 4/4 frame, extremely 
accurate light emission control can be expected. As a result, 
in the embodiment, light emission control With precision 
tWice as high as that in the case Where driving is made only 
by analog signal voltages can be realiZed. 

FIG. 4 shoWs the OLED drive sequence. FIG. 4 shoWs an 
address period Ts, analog and digital gradation display 
periods, and on/olf periods of the OLED driving correspond 
ing to the analog and digital gradation display periods. The 
frame period is constructed by tWo sub frames of the ?rst 
half and the latter half sub frames. The ?rst-half sub frame 
consists of a 1/4 frame as an analog signal voltage address 
period and a 2/4 frame as an analog gradation display light 
emission period. The latter-half sub frame consists of a 3/4 
frame as a digital signal voltage address period and a 4/4 
frame as a digital gradation display light emission period. 

The analog signal voltage is 5-bit data of 6-bit data except 
for the MSB (Most Signi?cant Bit), and the digital signal 
voltage indicates MSB data. The gradation display in the 
analog gradation light emission period is controlled by 32 
values by modulating light emission time. The gradation in 
the digital gradation light emission period is binary display 
of “light emission” and “non light emission”. The maximum 
light emission (ON) period of the analog gradation light 
emission period is equal to the digital gradation light emis 
sion period. 
The foregoing embodiment can be variously changed 

Without departing from the spirits of the present invention. 
For example, although a glass substrate is used as the TFT 
substrate in the embodiment, in place of the TFT substrate, 
another transparent insulating substrate such as a quartz 
substrate or a transparent plastic substrate can be used. 
When it is arranged to emit light of the OLED device 4 from 
the top face, an opaque substrate can be also used. 

Although only p-channel pixel TFTs are used in the 
embodiment, by properly changing a drive Waveform, 
n-channel TFTs or CMOS sWitch can be used. The pixel 
inverter is not limited to the inverter constructed by the drive 
TFT 2 and the OLED device 4 but, obviously, a con?gura 
tion of a CMOS inverter or a constant current source circuit 

using an n-channel TFT as a load can be also employed. 

In the description of the embodiment, the number of 
pixels, the panel siZe, and the like are not mentioned 
purposely for the reason that the invention is not limited by 
such speci?cations and formats. Although the display signal 
voltage is set to have 64 grades (6 bits), the higher gradation 
is also possible and, on the contrary, the gradation precision 
can be also easily decreased. Speci?cally, When k bits from 
the most signi?cant bit (MSB) out of the m bits are used as 
binary display signal data for 2'" gradation display of m bits, 
(m-k) bits become a signal used for the analog gradation 
display. In the embodiment, it corresponds to the case Where 
m:6 and kIl. Therefore, it is suf?cient to change In and k 
in accordance With necessary gradation. 

In the embodiment, the peripheral driving circuits Which 
are the pixel selecting circuit 11, analog signal driving 
circuit 12, and digital signal driving circuit 16 are con 
structed by loW-temperature polysilicon TFT circuits. It is in 
the scope of the present invention that the peripheral driving 
circuits or a part of the circuits are constructed by a 
single-crystal-LSI (Large Scale Integrated circuit). In addi 
tion, the delta Wave generating circuit or the like can be also 
constructed by a loW-temperature polysilicon TFT circuit. 

In the foregoing embodiment, the OLED device 4 is used 
as a light emitting device. Obviously, the invention can be 
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8 
realiZed by using a general light emitting device made of 
other inorganic material in place of the OLED device 4. 
The above-described various modi?cations and the like 

can be basically similarly applied to not only the foregoing 
embodiment but also other embodiments described herein 
beloW. 

Second Embodiment 

A second embodiment of the invention Will be described 
by referring to FIGS. 5 and 6. FIG. 5 is a con?guration 
diagram of an OLED display panel of the second embodi 
ment. Pixels 25 each having an OLED device 24 as a pixel 
light emitting material are arranged in a matrix in a display 
part. Each pixel 25 is connected to peripheral drive circuits 
via a gate line 26, a signal line 27, a poWer source line 28, 
and the like. 

In each pixel 25, the signal line 27 is connected to the gate 
of a drive TFT 23 and one end of a storage capacitor 22 via 
an input TFT 21, and one end of the drive TFT 23 and the 
other end of the storage capacitor 22 are commonly con 
nected to the poWer source line 28. The other end of the 
drive TFT 23 is connected to a common poWer source 
terminal via the OLED device 24. On the other hand, one 
end of the gate lien 26 is connected to a gate scanning circuit 
30, and one end of the signal line 27 is connected to an 
analog signal driving circuit 29 and a digital signal driving 
circuit 31. The input TFT 21, drive TFT 23, gate scanning 
circuit 30, analog signal driving circuit 29, and digital signal 
driving circuit 31 are formed by using polysilicon TFTs on 
a glass substrate. 
The operation of the OLED display panel in the embodi 

ment Will be described hereinbeloW. In the embodiment, one 
frame is constructed by tWo sub frames. For easier under 
standing, the folloWing description Will be given by calling 
the ?rst sub frame a l/2 frame and calling the second sub 
frame a 2/2 frame. 

In a Writing period of the l/2 frame, the analog signal 
driving circuit 29 is activated to output an analog signal 
voltage and, on the other hand, the digital signal driving 
circuit 31 is made inactive and an output impedance 
becomes extremely high. When the gate scanning circuit 30 
scans the input TFT 21 in a predetermined pixel roW via the 
gate line 26, an analog signal voltage supplied from the 
analog signal driving circuit 29 to the signal line 27 is input 
to the gate of the driving TFT 23 and storage capacitor 22, 
and held for one sub frame period until the next scanning 
operation is performed. During the period, the drive TFT 23 
passes an analog signal current according to the analog 
signal voltage to the OLED device 24, and the OLED device 
24 emits light With analog brightness corresponding to the 
analog signal voltage. In this case, the analog signal voltage 
is a signal of 32 grades corresponding to ?ve bits. 

In the 2/2 frame Writing period, the digital signal driving 
circuit 31 is activated to output a digital signal voltage and, 
on the other hand, the analog signal driving circuit 29 is 
made inactive, and an output impedance becomes extremely 
high. When the gate scanning circuit 30 scans again the input 
TFT 21 in a predetermined pixel roW via the gate line 26, the 
digital signal voltage supplied from the digital signal driving 
circuit 31 to the signal line 27 is input to the gate of the drive 
TFT 23 and the storage capacitor 22 and held for one sub 
frame period until the next scan Writing is performed. 
During the period, the drive TFT 23 passes the digital signal 
current according to the digital signal to the OLED device 24 
and the OLED device 24 emits light or does not emit light 
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in accordance With the digital signal. In this case, the digital 
signal is an ON or OFF signal corresponding to one bit of the 
MSB. 

In the embodiment as Well, the OLED device 24 at the 
time of digital driving can be turned on or off With reliability. 
Thus, a light emission brightness error due to a characteristic 
variation such as a threshold variation in the drive TFT 23, 
Which is concerned at the time of analog driving does not 
occur. In other Words, in the 2/2 frame, extremely accurate 
light emission control can be expected. As a result, in the 
embodiment, light emission control With precision tWice as 
high as that in the case of performing driving only by the 
analog signal voltage driving can be realiZed. 

FIG. 6 shoWs the driving sequence. FIG. 6 shoWs analog 
and digital gradation display periods corresponding to scan 
ning lines in one frame, and brightness of OLEDs in the ?rst 
roW. The frame period is constructed by tWo sub frames of 
the ?rst-half and latter-half sub frames. The ?rst-half sub 
frame is a 1/2 frame as an analog signal voltage address 
period, and the latter-half sub frame is a 2/2 frame as a 
digital signal voltage address period. The analog signal 
voltage is 5-bit data except for the MSB of 6-bit data, and 
the digital signal voltage is MSB data. The gradation display 
in the analog gradation display light emission period is 
controlled by modulating the light emission brightness. The 
grade in the digital gradation display light emission period 
is indicated by binary data of light emission and non light 
emission. The analog gradation display light emission 
period is set to have the same length as the digital gradation 
display light emission period. 

Although the brightness variation at the time of analog 
gradation light emission is larger than that in the ?rst 
embodiment, the second embodiment has an advantage such 
that the pixel con?guration is simple. 
A method of canceling a threshold voltage variation of the 

drive TFT 23 by introducing an offset canceling (auto Zero) 
circuit in the analog signal voltage driving period as in the 
second embodiment is knoWn. Such a method is described 
in, for example, “Technical digest of SID 98”, pp. 11 to 14 
(1998) (called a third conventional technique). By combin 
ing the offset canceling technique of the third conventional 
technique to the second embodiment, multi-gradation dis 
play With smaller brightness variation can be realiZed and 
display With similar high precision While using a TFT of 
larger characteristic variation can be also realiZed. 

Third Embodiment 

A third embodiment of the present invention Will be 
described With reference to FIGS. 7 and 8. FIG. 7 is a 
con?guration diagram of a liquid crystal display panel of the 
third embodiment. Pixels 34 each having a liquid crystal 
capacitor 33 as an optical characteristic modulation device 
are arranged in a matrix in a display part. The pixels 34 are 
connected to peripheral driving circuits via gate lines 36 and 
signal lines 35. 

In each pixel 34, the signal line 35 is connected to one end 
of the liquid crystal capacitor 33 via an input TFT 32, and 
the other end of the liquid crystal capacitor 33 is connected 
to a common poWer source terminal. On the other hand, one 
end of the gate line 36 is connected to a gate scanning circuit 
38, and one end of the signal line 35 is connected to an 
analog signal driving circuit 37 and a digital signal driving 
circuit 39. The input TFT 32, gate scanning circuit 38, 
analog signal driving circuit 37, and digital signal driving 
circuit 39 are formed on a glass substrate by using polysili 
con TFTs. In the embodiment, a display panel is constructed 
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10 
in such a manner that a back light is provided on the back 
face of the glass substrate, and a counter glass substrate on 
Which a counter electrode of the liquid crystal capacitor and 
a color ?lter are formed is assembled. The structure is a 
general one, so that its detailed description Will not be given 
here. 
The operation of the third embodiment Will be described 

hereinbeloW. In the embodiment, one frame is constructed 
by three sub frames. For easier understanding, the folloWing 
description Will be given by calling the ?rst sub frame a l/3 
frame, calling the second sub frame a 2/3 frame, and calling 
the third sub frame a 3/3 frame. 

First, in a Writing period of the l/3 frame, the analog 
signal driving circuit 37 is activated to output an analog 
signal voltage and, on the other hand, the digital signal 
driving circuit 39 is made inactive and an output impedance 
becomes extremely high. When the gate scanning circuit 38 
scans the input TFT 32 in a predetermined pixel roW via the 
gate line 36, an analog signal voltage supplied from the 
analog signal driving circuit 37 to the signal line 35 is input 
to the liquid crystal capacitor 33 and held for one sub frame 
period until the next scanning operation is started. During 
the period, the liquid crystal capacitor 33 applies an analog 
signal ?eld corresponding to the Written analog signal volt 
age to a liquid crystal layer, and the liquid crystal layer 
produces a predetermined optical characteristic modulation 
effect. In this case, the analog signal voltage is a signal of 16 
grades corresponding to four bits. 

In the 2/3 frame Writing period, the digital signal driving 
circuit 39 is activated to output a digital signal voltage and, 
on the other hand, the analog signal driving circuit 37 is 
made inactive,and an output impedance becomes extremely 
high. When the gate scanning circuit 38 scans again the input 
TFT 21 in a predetermined pixel roW via the gate line 36, the 
digital signal voltage supplied from the digital signal driving 
circuit 39 to the signal line 35 is input to the liquid crystal 
capacitor 33 and held for one sub frame period until the next 
scan Writing is started. During the period, the liquid crystal 
capacitor 33 applies a digital signal ?eld corresponding to 
the Written digital signal voltage to the liquid crystal layer 
and the liquid crystal layer shoWs an optical transmission 
state or a non-transmission state in accordance With the 
digital signal. In this case, the digital signal is an ON or OFF 
signal corresponding to one bit of the MSB. 

In the Writing period of the 3/3 frame as Well, the digital 
signal driving circuit 39 is activated to output a digital signal 
voltage and, on the other hand, the analog signal driving 
circuit 37 is made inactive so that an output impedance 
becomes extremely high. When the gate scanning circuit 38 
scans again the input TFT 21 in a predetermined pixel roW 
via the gate line 36, the digital signal voltage supplied from 
the digital signal driving circuit 39 to the signal line 35 is 
input to the liquid crystal capacitor 33 and held for one sub 
frame period until the next scan Writing is started. During the 
period, the liquid crystal capacitor 33 applies a digital signal 
?eld corresponding to the Written digital signal voltage to 
the liquid crystal layer and the liquid crystal layer shoWs an 
optical transmission state or a non-transmission state in 
accordance With the digital signal. In this case, the digital 
signal is an ON or OFF signal corresponding to the next one 
bit of the MSB. 

In the embodiment as Well, the liquid crystal capacitor 33 
in the 2/3 and 3/3 frames of digital driving is selected in the 
on and off state With reliability, so that a modulation 
brightness error due to a ?eld through charge in the input 
TFT 32 Which is concerned at the time of analog driving 
does not occur. In other Words, in the 2/3 and 3/3 frames, 










